The isolation of fragnettin, the so called 'flavonoid crystals', from three species of Prosthechea, namely P. fragrans, P. vespa and P. caetensis, and its characterization as 8-C-β-D-quinovopyranosyl apigenin is described. The possibility of fragnettin (8-C-β-D-quinovopyranosyl apigenin), the 'flavonoid crystals' absent in the genus Encyclia, being the marker of the genus Prosthechea is suggested.
The subtribe Laeliinae of the family Orchidaceae is comprised of 43 genera with 1446 species distributed throughout tropical America [1] . Although the various representative genera of Laeliinae demonstrate morphological variations, it still is a very complex taxonomic group making the delineation of its genera difficult. For example, traditionally, Encyclia and Prosthechea were either considered cogenerics [2, 3] or Prosthechea had been treated under different epithets, such as Anacheilium Hoffmanns. [4] and Hormidium Lindl. ex Heynh. [5] . Recent work [6] supported the separation of Prosthechea and Encyclia and the genera Anacheilium and Hormidium have been placed into synonymy with the former. A closer relationship of Prosthechea with Cattleya Lindl. rather than Encyclia was also subsequently demonstrated, based on their molecular characters [7] . More recently, anatomical studies of the roots and leaves of Prosthechea Knowles and Westc. and Encyclia Hook. support the delimitation of these genera [1] .
The presence of 'flavonoid crystals' in Brazilian species of Anacheilium (= Prosthechea) has already been used [4] to segregate the genus from Encyclia. The 'flavonoid crystals' have been encountered in the roots and leaves of all species of Prosthechea (s.s). The absence of these crystals in the various species of Encyclia demonstrates the importance of this character in the separation of these two genera. Our aim is to find a likely chemical basis for this observation by studying the nature of these so called 'flavonoid crystals' in several Prosthechea species and to prove the alleged [1] absence of the same in Encyclia species. In a recent phytochemical study [8] of the aerial parts of E. longifolia, a small amount of vitexin was detected in the total MeOH extract. In the present study, we wish to report the results of our examination and characterization of the 'flavonoid crystals' from three species of Prosthechea, namely, P. fragrance, P. vespa and P. caetensis.
The so called 'flavonoid crystals' were observed [1] under the microscope in the transverse and longitudinal sections of the leaves fixed in FAA 50. Therefore, in the present work, the leaf sections of P. fragrance were processed so as to remove mechanically the 'flavonoid crystals' from the plant material without having to extract with a solvent. Recrystallization gave fragnettin as a homogeneous (TLC) light yellow amorphous material.
The UV spectrum of fragnettin is practically identical with those of vitexin and rhamnosylvitexin [9] . The 400 MHz 1 H NMR spectrum of fragnettin in DMSO-d 6 showed, among others, signals at δ 13.16 (1H, H-bonded Ar-OH) characteristic of C-5-OH of flavones such as apigenin; δ H 6.91(2H, d, J = 8.6 Hz) and δ H 7.99 (2H, d, J = 8.6 Hz) for a typical unsymmetrically p-disubstituted benzene ring; and two 1H singlets at δ 6.27 and 6.80, the former characteristic of either H-6 or H-8 and the latter H-3, as in 5,7,4´-trihydroxyflavones. The 1 H NMR spectrum also showed a doublet at δ 4.69 (1H, J = 9.6 Hz) typical of an anomeric H of a hexose unit that is spin coupled to another 1H signal at δ 3.84 (dd, J = 9.6, 9.0 Hz) with which it must have a transdiaxial relationship. The large coupling constant (J = 9.6 Hz) of the anomeric H also confirms a β-configuration for the sugar moiety. Moreover, there is a 3H doublet at δ 1.24 (J = 6.0 Hz) characteristic of the CH 3 group of a deoxyhexose moiety like rhamnose.
The 100 MHz 13 C NMR spectrum of fragnettin ( Figure 1 ) in DMSO-d 6 showed 19 signals of which 13 are due to 15 carbons in the sp 2 region, typical of a monosubstituted apigenin, such as vitexin or isovitexin [10] . Two characteristic 2-C signals at δ c 115.6 and 128.6 confirm the presence of a p-disubstituted benzene ring in fragnettin. In addition to the 15 carbons of the apigenin skeleton, there are 6 signals for 6 more carbons in the 13 C NMR spectrum, supporting the presence of a deoxyhexose moiety, as indicated by the 1 H NMR spectrum. The HMBC spectrum confirms the location of the deoxyhexose substituent and allows us to make unambiguous assignments of 13 C chemical shifts of the flavone skeleton as well. The HMBC correlations of fragnettin show cross peaks of δ H 13.16 (C-5-OH) with δ c 98.2 (CH), and the quaternary carbons at δ 160.4 and 104.0. The signal at δ c 98.2 must, therefore, be attributed to C-6 and those of δ c 160.4 and 104.0 must be due to C-5 and C-10, respectively [11] . Also, the 1H singlet at δ H 6.27 is attributed to C-6-H because it shows cross peaks with δ c 104.0 The NMR spectroscopic data, therefore, confirm an 8-C-β-deoxyhexosyl apigenin structure for fragnettin. Thus, a molecular formula of C 21 H 20 O 9 (MW 416) is indicated and this is supported by the MS, which showed [M+H] + at m/z 417.
At this point, a thorough literature search revealed that a compound alleged to be 8-C-βrhamnopyranosyl apigenin was isolated first from C. aurantium and C. sinensis, although it was erroneously called 8-rhamnosyl vitexin [12] by its discoverers, and more recently from Allophylus laevigatus Radlk, a tree belonging to northeastern Brazil [13] . Much of the physical and spectral characteristics of fragnettin closely resemble those reported for the alleged 8-C-β-rhamnopyranosyl apigenin from A. laevigatus, although there is some significant difference. Attempts to obtain an authentic sample of 8-C-β-rhamnopyranosyl apigenin from both the abovementioned sources were unsuccessful and thus a direct comparison was not possible.
In spite of the similarity between fragnettin and the alleged 8-C-β-rhamnopyranosyl apigenin, the anomeric H at δ H 4.69, with a coupling constant of 9.6 Hz in the 1 H NMR spectrum of the former is incompatible with either an α-or β-Lrhamnopyranosyl structure for the deoxyhexose at C-8 [14] . On the other hand, the 13 Characterization of 'flavonoid crystals' from Prosthechea Natural Product Communications Vol. 2 (7) 2007 757
following differences: The signals for C-4´´, C-5´´ and C-6´´ in fragnettin appear at δ c 77.0, 76.7 and 19.2 (CH 3 ), respectively, instead of δ c 70.8, 81.9 and 61.9 (CH 2 OH), as in vitexin. The downfield shift of C-4´´ by 6.2 ppm and the upfield shift of C-5´´ by 5.2 ppm in the spectrum of fragnettin with respect to vitexin are fully compatible [15] with the absence of the OH function at C-6´´ of the sugar moiety in the former, as in β-D-quinovopyranose (6-deoxy-β-Dglucopyranose). Therefore, the structure of fragnettin is 8-C-β-D-quinovopyranosyl apigenin (Figure 1 ). To our knowledge, this is the first report of the isolation of fragnettin (8-C-β-D-quinovopyranosyl apigenin) from a plant source.
The leaves of two other species of Prosthechea, namely P. vespa and P. caetensis, were treated similarly to those of P. fragrance (vide supra) to obtain light yellow microcrystals, which were found to be identical (IR, UV, 1 H and 13 C NMR) with fragnettin.
Encycla longifolia leaves on the other hand, upon similar treatment did not yield any 'flavonoid crystals' [1] .
These results indicate the possibility of fragnettin (8-C-β-D-quinovopyranosyl apigenin), which constitute what is known as the 'flavonoid crystals', to be a taxonomic marker for the genus Prosthechea. Thus, the presence or absence of this metabolite may be a useful aid alongside morphological and anatomical data in differentiation of the genus from Encyclia.
In view of the close similarity of the reported spectral data of fragnettin and the alleged 8-C-βrhamnopyranosyl apigenin from Allophylus laevigatus, the structure of the latter should be reexamined. The so called 'flavonoid crystals' were observed [1] under the microscope in the transverse and longitudinal sections of the leaves fixed in FAA 50, followed by treatment with 70% aqueous EtOH overnight. Therefore, in the present work, the leaf sections treated with excess 70% aqueous EtOH overnight were agitated on an ultrasound bath to facilitate the removal of the 'flavonoid crystals' into the solvent. The plant material was removed mechanically and the ethanolic solution was left to stand. Upon concentration and standing in the cold, a microcrystalline yellowish brown solid was deposited, which was collected and re-crystallized several times from MeOH-H 2 O to give fragnettin as a homogeneous (TLC) light yellow material. 
